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(71) We, OWENS-CORNJNG FiBERGLAS 

Corporation, a Corporation organised and 
existing under the laws of the State of Dela- 
ware, United States of America, of Toledo, 
Ohio, United States of America, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 
ing statement: — 

This invention relates generally to a 
method of and apparatus for electrical fil- 
tering, for example filtering transients, in- 
terference and other noise from electrical 
signals in control apparatus, and to appar- 
atus for continuously producing fibers em- 
urement and control of variables, apparatus, 

As the instrumentation approach in meas- 
urement and control of variable, apparatus, 
and processes has grown more sophisticated, 
the requirements for accuracy in such in- 
strumentation approaches have also in- 
creased to provide a closer quality check 
on the goods being produced and on the 
processes being used. The drive to refine 
control components has resulted in improved 
reliability, enhanced accuracy, and com- 
ponents generally capable of providing 
quick, complete responses to an input signal. 
The improved and more sensitive process 
control equipment has led to better products 
and processes. 

Improvement in such process equipment 
reaches a point of diminishing returns if the 
input signals to the equipment cannot be 
adequately filtered to provide the equipment 
with the initial accuracy and the freedom 
from noise and other interference to per- 
form the control functions. For example, 
it is well known that thermoplastic materials 
such as glass can be drawn into continuous 
fibers by attenuation of streams from a 
feeder associated with the molten body of 
this material. The flowing material is attenu- 
[Price 25p] 



ated in the process into individual fibers 45 
which are usually gathered into a strand 
under the influence of pulling forces exerted 
by a winder which collects the strands into 
a package. In manufacturing fibers in this 
manner, the goal has been to produce fibers 50 
which are very closely similar in diameter 
and individual fibers of uniform diameter 
throughout their lengths. If production of 
fibers of such uniformity could be attained, 
the strand yardage per pound of glass sup^ 55 
plied from the feeder would be consistently 
uniform and much would be done to pro- 
mote consumer reliance upon the product 
quality when strand or fiber diameters are 
specified. ^0 

On collection of strands into a package, 
however, a gradual build-up of the package 
occurs in the usual packaging cycle of, for 
example, six to thirty minutes, such that 
for a given speed of the collection tube, the 65 
linear speed of attenuation is in effect gradu- 
ally and substantially uniformily increased 
to a maximum linear speed toward the end 
of the packing cycle. In other words, at the 
start of a packaging cycle, the linear speed 70 
of attenuation of the fiber from a feeder is 
determined by the outer diameter of the 
bare collection tube, but as the build-up 
of the package occurs, the speed of attenua- 
tion instead becomes dependent upon the 75 
outer diameter of the top layers of strand 
in the package. When viewed on an overall 
basis, the linear speed of attenuation in- 
creases gradually from a minimum at the 
beginning of a packaging cycle to a maxi- 80 
mum at the end of a packaging cycle when 
the package is completed. Under fixed con- 
ditions of temperature of the glass supplied 
from the feeder, the diameter "of fibers col- 
lected into the strands being wound is cor- 85 
respondingly also varied dependent upon 
whether it is collected at the beginning or the 
end of the package. 
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It has been discovered that when one of 
the fiber-forming factors such as the tem- 
perature of the thermoplastic material emit- 
ted from the feeder or the rotational speed 
5 of the winder which collects the strand into 
a package is programmed or varied at a 
patterned rate matched to the variation in 
linear speed of attenuation, that the fiber 
diameter can be maintained more exactly 

10 uniform. When utilizing such variable con- 
ditions as control factors, such as glass tem- 
perature or winding speed, it then becomes 
incumbent upon the control apparatus to do 
so with a highest degree of accuracy possible 

15 in order to attain the best result. 

Since electrical interference or occasional 
failures in the input-measuring section of a 
central processing unit can cause incorrect 
readings an improved electrical signal filter 

20 is required. The change of any input on suc- 
cessive readings should be limited so that 
noise is filtered out but real input changes 
pass through. The input signal should be 
"read" faster than its rate of change. Real 

25 input changes would be present on several 
successive readings. Interference or noise is 
usually transient, and will normally not be 
present after two or three successive read- 
ings. Therefore, if the input reading sud- 

30 denly changes by a large amount, the filter 
should severely limit the change for the first 
two or three readings on the assumption that 
this change is only noise. If the change is 
still present after this time, it must be a 

35 r cal input change, and the filter should open 
rapidly and pass the change through to the 
central processing unit, computer, etc. 

Previous filters performed this function 
only when the input is close to a setpoint. 

40 For example, the amount that the input 
may change on successive readings is equal 
to the minimum limit or the control error, 
whichever is greater. So the minimum limit 
is applied only when the input value is near 

45 the setpoint even though noise may occur 
for any value of input. 

Accordingly, it is an object of this inven- 
tion to provide improved filtering apparatus 
which is adapted to pass an input s?gnal 

50 with a minimum amount of transients, noise, 
or other interference. 

Another object of this invention is to pro- 
vide an improved method of and apparatus 
for filtering electrical signals in which the 

55 rate of limit increase may be arithmetical, 
geometrical, or which may be made asym- 
metrical. An asymmetrical filter constructed 
according to this invention may change the 
limits differently in response to an input in- 

60 crease than in response to an input decrease. 
According to the present invention there 
is provided filter apparatus comprising 
means for receiving an input signal, output 
means for delivering a filtered resultant sig- 

65 nal, means responsive to said input signal 



and further responsive to successive changes 
in said input signal in one direction for 
limiting the effect of said changes on the 
resultant signal to predetermined small 
amounts initially, means for increasing said 70 
limits in response to sustained successive 
changes in said input signal in said one 
direction. 

The invention also provides a method of 
filtering transients and other noise from an 75 
electrical signal to produce a resultant signal 
comprising the steps of measuring successive 
changes in said electrical signal, detecting 
the direction of said changes, limiting the 
effect on the resultant signal of a first change 80 
in one direction to a predetermined mini- 
mum amount, and increasing the limit from 
said minimum limit amount in predeter- 
mined steps as corresponding successive 
changes in the same direction occur. 85 

In a preferred embodiment, the filter ap- 
paratus is applied to apparatus for produc- 
ing continuous fibers from a supply of heat- 
softened material, comprising a feeder ad- 
apted to contain a supply of the material 90 
and having a plurality of orifices formed 
therein for supplying a like plurality of 
streams; means for heating the feeder; and 
means for controlling said heating means 
including means for sensing the temperature 95 
of said feeder and providing a first signal 
proportional thereto, means responsive to 
said signal for altering the heat supplied to 
said feeder, the filter apparatus filtering the 
first signal to remove noise and interference 100 
therefrom. 

Preferably, the apparatus for producing 
continuous fibers also includes means for 
attenuating said streams into fibers, means 
for controlling the linear speed of attcnua- 105 
tion including means for sensing the speed 
of said attenuating means and providing a 
second signal proportional thereto, means re- 
sponsive to said signal for altering the speed 
of said attenuating means, the filtering appar- 1 10 
atus filtering said second signal to remove 
noise and interference therefrom. 

The means responsive to said first and 
second signals preferably is arranged so that 
the temperature of the material and the 115 
linear speed of attenuation are co-ordinated 
to produce a plurality of fibers having the 
same diameters, wherein each fiber has a 
uniform diameter through its length. 

Other objects, advantages and features of 120 
this invention will become apparent when 
the following description of a preferred em- 
bodiment which is described, by way of ex- 
ample, in conjunction with the accompany- 
ing drawings, in which: — 125 

Figure 1 shows a general layout of ap- 
paratus and process control for producing 
continuous glass fibers; 

Figure 2 is a block circuit diagram of 
apparatus for filtering an input signal to 130 
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the central process control in accordance 
with the teachings of this invention; 

Figure 3 is a block circuit diagram of 
apparatus for providing limits for signals 
5 which are decreasing; 

Figure 4 is a block circuit diagram of 
apparatus for applying limits to signals 
which are increasing; D 

Figure 5 is a logic diagram for construct- 

w mg apparatus according to the teachings of 
this invention; 

Figure 6 is a block circuit diagram of 
apparatus for applying a minimum limit a 
plurality of times; and 

15 Figure 7 is a block circuit diagram of 
apparatus for providing a maximum limit 
to be applied to an electrical signal. 

Although the invention is herein exempli- 
fied m specific detail by reference to glass 
fiber production, it will be apparent in view 
ot the disclosure that it has application to 
production of fibers of other materials as 
well. Further, although the variable condi- 
tions shown as subjects of measurement and 

^ control are specific uses of the filtering ap- 
paratus herein disclosed, it is to be Soted 
that all embodiments are illustrative only 
and not limiting in any sense with the re- 
specfave apparatus, process, product or other 

w use of the invention as disclosed herein. 
Referring now to Figure 1, there is shown 
a molten glass container, textile bushing 0 r 
feeder 10 for forming textile fibers 12 from 
molten glass. The molten glass may be 

35 maintained at a preset operating tempera- 
ture when the fiber forming process begins 
and then cooled to increase the viscosity 

a ? tu fi S u° ffset t} ? e increase in the diameter 
of the fibers as the package 30 increases in 

40 size and as the linear speed of attenuation 
increases. The operating temperature is 
maintained within the desired range by direct 
passage through the feeder 10 of electrical 
current supplied from a transformer 14 

45 which is energized in response to control of 
a saturable core reactor 16 or other suitable 
electrical current control apparatus, such as 
silicon controlled rectifiers, connected to 
power supply terminals 18. 

50 The textile fibers 12 are formed of molten 
glass fed through orifices 20 in the bottom 
of the feeder 10. The fibers 12 are gathered 
together into a strand 22 by passage of the 
fibers over a gathering member 26 in a 

55 manner well known in the art. The fibers 
are supplied with sizing fluid at the gather- 
ing member 26 from a supply tube 28 com- 
municating with the source of sizing fluid 

*a ™ a own manner » bu t not shown here 

60 Other means of applying a sizing to the 
fibers may be utilized. The successively 
formed portions of the strand 22 are wound 
upon a package 30 of a collet 33 of a winder 
unit 32 as the strand 22 is caused to traverse 



the package 30 by a spiral wire-type traverse 65 
mechanism 36. 

The feeder 10 may receive glass marbles 
which are heated into molten form by the 
secondary single loop winding of the trans- 
former 14 or the feeder 10 may receive 70 
glass already in a molten condition from a 
furnace, not shown. The heating current for 
the feeder 10 may be derived from alternat- 
ing current supplied to the terminals 18 for 
example, from a 440 volt 60 cycle source 75 

The control system includes an electricai 
circuit having at least one temperature sen- 
sor or thermocouple 42 connected through 
control units for maintaining the tempera- 
ture of the feeder 10. The thermocouple 42 80 
which may be illustrative of a plurality of 
thermocouples senses the temperature of the 
feeder 10. The signal may be amplified and 
in this instance, is transformed to a digital 
state by the analog to digital converter 51 85 
Filter apparatus 52, which will be shown in 
greater detail hereinafter, filters the transient 
and other noise from the signal from thermo- 
couple 42 and stores the signal in storage 
unit 5j The central processing unit 60 90 
senses the stored signal in storage unit 53 
coordinates the process and sends a correc- 
tion sjgnal through the digital to analoe 
converter 54 after which it is stored in an 
analog memory 55. The correction signal 95 
stored m analog memory 55 is utilized by 
the current controller 16 to control the 
amount of current supplied to the trans- 
former 14 and thus the heat generated in 
feeder 10. ^ 

A further arrangement is provided which 
is adapted to assist in attaining uniform fiber 
diameters by attenuation of the plurality of 
? I s constant line ar speed from a 

feeder. The constant linear speed of attenua- 105 
tion is accomplished in this instance by pro- 
gramming the speed of the winder motor 38 
which drives the collet 33 having the package 
^0 thereon in accordance with the rate of 

T Id ;"P of * e pac ? a S e bein S w ound on 110 
the collet. The winder motor 38, for the 
purposes of this embodiment, may be a 
frequency responsive, variable speed motor 
Motor speed control means includes a con- 
trol motor 40 driving a three phase AC 115 
generator 43 via a magnetic clutch 41 and 
a ramp function generator 44 controlling the 
magnetic clutch connection between the con- 
trol motor 40 and the three phase generator 
43. Ihe control motor 40 is preferably a 120 
constant speed synchronous motor The 
magnetic clutch 41 is advantageously ad- 
justable in slip in response to preselected 
program signals from the ramp function 
generator 44. The ramp function generator 125 
44 provides program signals to effect ramD 
function control of the winder motor 38 

To ensure that the winder motor 38 is 
being driven at the desired speed there is 
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provided frequency sensing and measuring 
means for supplying frequency signals cor- 
responding to the speed of the motor 38. 
The frequency generated by the A.C. gener- 
5 ator 43 is sampled through the analog to 
digital converter 71, filtered by the filter unit 
12 to be described hereinafter, and stored 
in the storage unit 73. The central pro- 
cessing unit 60 compares the frequency sig- 

10 nal sampled with a required or desired fre- 
quency programmed therein to check the 
accuracy of "the ramp function being gener- 
ated by generator 44. If the actual speed, 
accord inif to the frequency sampled, is in 

15 error from that required or desired, the 
control process unit 60 generates a correc- 
tion signal which is passed through a digital 
to analog converter 74 and stored in an 
analog memory 75 for use by the generator 

20 44. The ramp function generator 44 is thus 
corrected to provide the desired speed via 
the magnetic clutch 41. 

The central processing unit 60 may con- 
trol the temperature cf the feeder 10 and 

25 the speed of the winder motor 38 as separate 
functions, but preferably correlates the in- 
formation received from each function in 
order to attain the most exact uniform fiber 
diameter from the feeder 10. That is, while 

30 the temperature of the feeder 10 can be con- 
trolled over the range of heating during the 
packaging cycle witlTa great degree of accur- 
acy by use of the filter means 52 to remove 
transients and interference from input signals 

35 received from the thermocouple 42, the 
speed of response of temperature change in 
the feeder is somewhat slower to correction 
si.snals than the speed of response of the 
winder motor 38 to correction signals to 

40 maintain the fiber diameter uniform. Thus, 
the temperature range control may be used 
as a more coarse control, while the winder 
motor speed control may be used as a ver- 
nier control to provide finer and faster ad- 

45 justments in the process to attain exact dia- 
meters of fibers. 

In addition, since the use of the novel 
filtering method and apparatus herein pro- 
vides more accurate sensing of signals to 

50 be fed to the control apparatus, either func- 
tion may be controlled more closely than 
heretofore. Therefore, either the tempera- 
ture control or the winder motor speed con- 
trol may take over control of the whole 

55 process in response to the failure, erratic 
behaviour, etc., of the other control and 
still provide fibers of more uniform diameter 
than previously possible. 
Since the fastest and most accurate means 

60 for accomplishing the process control for 
the unit 60 is a digital computer the signals 
acquired from the thermocouple means 42 
and from the frequency sampling means are 
converted from their analog mode to digital 

65 before feeding to the central processing unit 



60. After correction or after the central pro- 
cessor has completed its analysis, the re- 
sultant signal is reconverted from digital to 
analog and stored for use if not applied at 
the time of conversion. Since most process 70 
units 60 are units or computers utilizing 
digital information, the preferred embodi- 
ment of the filter apparatus described herein- 
after has been constructed to utilize digital 
information received from an analog to 75 
digital converter. It should be noted, how- 
ever, that limit selection according to the 
method disclosed hereinafter may be ac- 
complished via analog equipment. However, 
analog equipment normally is not as fast in 80 
response time nor as accurate as the digital 
computing equipment and thus the digital 
apparatus arrangement as illustrated herein 
is preferable. 

Referring to Figure 2, there is illustrated 85 
in block diagram "form circuits for making 
decisions, storing information and taking 
the action as required for a filter apparatus 
according to the teachings of this invention. 
A raw input signal is received at the ter- 90 
minal 7S. The signal received is stored in 
the raw input memory 82. The signal re- 
ceived is also stored in memory unit 81 
where it is to be compared with a previ- 
ously sampled signal that has been stored 95 
in memory unit 80. The stored samples are 
compared by a computing unit 83, herein- 
after referred to as a "math unit" together 
with other similar units, which provides an 
output representing the difference in magni- 100 
tude of the two successively sampled signals 
and therefore denoting a change, if any. That 
is, a zero signal appears if at the output of 
math unit 83 there has been no change. 
A positive dl, or a negative dl is supplied 105 
from the output of the math unit 83 reflect- 
ing the magnitude and direction or sign of 
the change if there has been a change. 

Switching means indicated generally at 79 
and including switches 79a, 79b, 79c. and 1 i0 
79d are representative of switching opera- 
tions that will take place in the various cir- 
cuits as required, such switching operations 
being well known in the art. For example, 
switching means 79a and 79b represent the 115 
feeding of a signal for storage to the one 
of memory units 80, 81 which has its switch 
closed while the opening of the switch to 
the other memory unit represents an isolat- 
ing of the raw input signal from that unit. 120 
Similarly, switching means 79c gates a 
sample signal to the raw input memory 82 
and precludes a change in the stored signal 
until a decision has been made with respect 
to the stored signal. 125 

Switching means 79d represents switching 
means for connecting a gating signal to an 
"and-or" raw input gate 98. In operation, 
the gate 98 will allow the signal stored in 
the raw input memory 82 to be gated to the 130 
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mil pin terminal l >0 upon the coincidence of 
a M«rrul from the «:ile signal means 84 via 
switch in;.: means 7*>d to lead 98a and a 
sipnal present * »fi an> one of the three re- 

5 maining k-jil- *'Nh. or *»8c or 98d. Operation 
of the swikhinp mcan> 7*> from one state to 
another \uu* indicates that the filter appar- 
atus lu* c >nduded its operation on the last 
sample and i* reaJ\ l«» and is sampling the 

10 nc\t miu'^mvc condition or state of the 
inpn: \r-iul 

Mcn>>r> uniu *M and 92 are connected 
to successive *ll changes via switching means 
90. havm? respective switches 90a and 90b 

15 operatoe in the same manner as switching 
means and 7^l> to store the changes 
calculated (>\ i Ik- tn.itti unit 83 on succes- 
sive sampling of ihc input signal. A math 
u;ni M > o oiure l'v til changes stored in 

20 nicmnr) units '#1 and *'2 and provides an 
output i>tt *'.\a if the previous change was 
of the ^ine Mgn <>r in the same direction 
as the i;i ( chaise, and provides an output 
on *Wh if the previous, change was of the 

25 opposite M^n o- in another direction from 
the la^l clun?c. 1 herefore. memory units 91 
and l >2, anil math unit l >3 operate as a direc- 
tion detect iii}: circuit for successive changes 
in the input stunal. 

30 Terminal <M provides a connecting point 
for a signal. *hieh is the same as or pro- 
portional to the actual magnitude of the 
change of the input, for use in later action 
and decision circuits. Circuit 95 provides a 

35 signal outixii in response to a negative dl 
or input decrease change received at its in- 
put terminal Circuit 96 provides a signal 
output in response to a positive dl or an 
input increase change received at its input 

40 terminal. Circuit l >7 provides an output sig- 
nal in response lo a zero input received at 
its input terminal. 

Referring to figure 3, there is illustrated 
apparatus for providing limits as desired for 

45 a zero change and for a negative change in 
the dl detected at terminal 94. If a zero 
change is noted, zero change circuit 97 pro- 
vides an output to lead 98b which gates the 
raw input memory 82 through gate 98 lo 

50 the output terminal 99. Since no change has 
been recorded, no limit is applied to the 
raw input signal. In addition, the output 
signal from the zero change circuit 97 is 
delivered to one terminal of an OR gate cir- 

55 ctiit 100. A predetermined minimum limit 
has been preset in circuit 101 to be gated 
through gate 100 to a present limit memory 
102. In response to a signal on either lead 
100a or lead 1 00b, circuit 100 gates the 

60 predetermined minimum limit to the present 
limit memory 102 where it is stored to be 
applied if required after the next sampling 
of the raw input signal at 78. 
Assume that the dl received at terminal 

65 94 is negative. An output thus appears from 



the negative dl circuit 95. The direction 
detection unit of memory units 91, 92 and 
the math unit 93 determines whether or not 
a previous change was negative. If the sign 
of the preceding change is different (zero or 70 
positive) from the present negative change 
an output is received on lead 93b which is 
delivered to AND gate 104. Upon a coinci- 
dence of signals at the AND gate 104 from 
the negative dl circuit 95 and lead 93b, the 75 
value of the minimum limit from circuit 101 
and the value of the present negative dl 
change is gated to a comparison circuit 106. 

If the negative dl change in this instance 
is greater than the minimum limit, an out- 80 
put appears on lead 106a. The output on 
106a is operative to open gate 108. The 
previous or last output has been stored in 
the last output memory 112. The present 
limit is stored in circuit 102 and is con- 85 
nected via a sign applying circuit 114 to the 
gate 103. The correct sign for the limit to 
be applied is received from lead 95a of the 
negative dl circuit or the lead 96a of the 
positive dl circuit 96. Upon receipt of a 90 
signal from lead 106a of the comparison 
circuit 106, the gate 108 is opened to pass 
the last output stored in circuit 112 and the 
present limit stored in circuit 102 to a math 
unit 110 wherein the limit is added to or 95 
subtracted from the last output value in 
accordance with the sign applied by circuit 
114. The math unit 110 then delivers a re- 
sultant filtered signal to output terminal 99. 

If the negative dl is bigger than the mini- 100 
mum limit, a signal is also delivered on lead 
106a to a gate 120 which gates the present 
limit from memory circuit 102 to an increas- 
ing circuit 122. The increasing circuit 122 
may be a multiplier circuit wherein the pre- 105 
sent limit stored in memory unit 102 is mul- 
tiplied, for example by two, to double the 
present limit. However, it should be noted 
that the increasing circuit may operate either 
geometrically or arithmetically and may HO 
multiply or add to the present limit to in- 
crease the present limit. After the increase 
by circuit 122, the increased present limit 
is stored temporarily in the store next limit 
circuit 126 and is passed through a delay 115 
circuit 124 back to and restored in the pre- 
sent limit memory 102. The delay circuit 
124 enables the filter to finish its operations 
with the previous present limit and to pro- 
vide a filtered output at the terminal 99. 120 

If the negative dl is smaller than the 
minimum limit and so noted in comparison 
circuit 106, an output appears on lead 106b 
which is directed to lead 98c of the raw 
input gate 98 and, in conjunction with a 125 
gate signal received from circuit 84, indic- 
ates that the raw input as delivered to ter- 
minal 78 is to be gated directly to the out- 
put terminal 99. 

If the direction detection unit has indie- 130 
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ated that the sign of the preceding change 
was the same, then an output is delivered 
on lead 93a to an AND gate 136. A coinci- 
dence of signals on leads~93a and 95a gates 
5 the negative dl magnitude to a comparison 
circuiM3o where it is compared with the 
magnitude of the present limit from the 
memory circuit 102. If the negative dl 
quantity is bigger than the present limit, a 

10 signal appears on lead 138a which is oper- 
ative to open gate 108 to allow the value 
of the last output from memory 112 plus the 
magnitude of the present limit with the cor- 
rect sign applied to be gated to math unit 

15 110 and eventually appear at output ter- 
minal 99 as described hereinbefore. In addi- 
tion, the signal on lead 138a opens gate 120 
to pass the magnitude of the present limit 
from memory circuit 102 through the in- 

20 creasing circuit 122 to provide a larger limit 
for future comparison. The larger limit is 
restored in memory 102 via the store next 
limit circuit 126 and the delay circuit 124 
as described hereinbefore. 

25 if jn comparing the present limit, and the 
present negative dl change in circuit 138, 
the negative dl change is not as large as the 
limit, a signal appears on lead 138b which 
is operative to open gate 134 and allow the 

30 magnitude of the present limit from memory 
102 to be compared in circuit 132 with the 
masnitude of the minimum limit from cir- 
cuif 101. 

If the comparison in circuit 132 indicates 

35 that the magnitude of the present limit is 
equal to or less than that of the minimum 
limit, a signal is delivered on lead 132a to 
lead 98d of the raw input gate 98 gating the 
raw input from terminal 78 to output ter- 

40 minal 99. If the comparison circuit 132 in- 
dicates that the present limit is not equal 
and is larger than the minimum limit, a 
signal appears on lead 132b which opens 
gate 116 and gates the value of the present 

45 limit from memory circuit 102 to a reduc- 
ing circuit 118. For purposes of this example, 
it will be considered that the reducing cir- 
cuit 138 is a dividing circuit which halves 
the value of the present limit. However, as 

50 was the case with the increasing circuit 122, 
the reducing circuit 118 may be a dividing 
or an arithmetic subtraction unit which will 
decrease the value of the present limit. 
Assuming that the reducing circuit US 

55 divides the present limit by two, the halved 
magnitude is directed to comparison circuit 
130 where it is again compared with the 
magnitude of the minimum limit. If the 
halved magnitude of the present limit is less 

60 than the magnitude of the minimum limit, 
a signal appears on lead 130a which con- 
nects through lead 100b and gates the value 
of the minimum limit to the memory unit 
102 to bring the magnitude of the stored 

65 present limif back up to that of the mini- 



mum limit. If the comparison circuit 130 
indicates that the present limit is not less 
than the minimum limit, a signal appears on 
lead 130b to open gate 128 to allow the just 
reduced or halved value of the present limit 70 
available from the reducing circuit 118 to 
be stored in the store next limit circuit 126. 
The next limit is then passed through the 
delay circuit 124 and stored as the present 
limit in memory 102, for application on the 75 
next sampling cycle. 

Referring to Figure 4, there is illustrated 
a circuit for applying a limit to an increas- 
ing raw input signal. A different minimum 
limit circuit 201 may be utilized to apply a 80 
limit of different magnitude for use with an 
increasing signal than the magnitude of the 
limit applied to the decreasing signal in 
Figure 3. Similarly, circuits shown through- 
out Figure 4 have functions which may be 85 
or are identical to those shown in Figure 3. 
If the limits are to be the same and if the 
same action is desired, it is obvious that 
some of the circuits of Figure 3 and Figure 
4 may be combined to provide the functions 90 
required for both the increasing and the 
decreasing signals. However, for purposes 
of clarity, the increasing signal circuit of 
Figure 4 and the decreasing signal circuit 
of Figure 3 have components shown separ- 95 
ately to illustrate the operation in response 
to the increasing and decreasing signals. 

As with the circuit shown in Figure 3, a 
zero change provides an output from the 
zero change circuit 97 to lead 98b which ifjo 
gates the raw input from terminal 78 through 
gate 98 to the output terminal 99. In addi- 
tion, the output from zero change circuit 
97 is received by lead 200a of OR gate 200 
and gates the minimum limit as set by cir- 105 
cuit 201 to the present limit memory 202. 

When the positive dl change is received 
from terminal 94, an output appears on lead 
96a of the positive dl or input increase cir- 
cuit 96. The direction detection circuit pro- no 
vides outputs on leads 93a and 93b if the 
direction of the previous change was or was 
not the same, respectively. If the change 
was not in the same direction as the pre- 
vious change, the AND gate 204 receives 115 
a coincidence of signals from leads 96a and 
93b gating the magnitude of the minimum 
limit from circuit 201 to circuit 206 for com- 
parison with the magnitude of the positive 
dl change received from terminal 94. 120 

If the magnitude of the positive dl change 
is larger than that of the minimum limit, a 
signal is delivered on lead 206a to gate 208. 
The last output, as stored in the last out- 
put memory 212, is gated through circuit 125 
203 to a math unit 210 along with" he value 
of the present limit from memory 202 with 
the correct sign as applied by circuit 214 
as described hereinbefore. The combined 
values of the present limit and the last out- 130 
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put then appear at the output terminal 99. 
In addition, the output appearing on lead 
206a is operative to open gate 220 to pnss 
the magnitude of the present limit from 

5 memory 202 to an increasing circuit 222. 
Tn the manner described hereinbefore with 
respect to Figure 3, the increasing circuit 
222 geometrically or arithmetically increases 
the present limit to a new value, in this 

10 instance assumed to be twice the present 
limit. The twice present limit is stored in 
the store next limit circuit 226 and, after a 
delay allordcd by circuit 224. is stored in 
the present limit memory 202 for use in the 

15 next series of comparisons. 

If the comparison circuit 206 indicates 
that the value of the positive dl change re- 
ceived at terminal 94 is not bigger than the 
minimum limit, then a signaf appears on 

20 206b which provides a gating signal through 
lead 9Sc to gate the raw input from terminal 
78 (Fig. 2) through gate 98 to the output 
terminal <)9. 
If the preceding change were of the same 

25 sign as the present positive change, a coinci- 
dence of inputs is received by AND gate 
236 from leads 96a and 93a gating the mag- 
nitude of the present positive dl change to 
circuit 238 where it is compared with the 

30 magnitude of the present limit from the 
memory circuit 202. If the present positive 
change value is bigger than the present posi- 
tive limit, an output appears on lead 238a 
which is operative to open gate 208 in the 

35 manner hereinbefore described to provide a 
filtered output at terminal 99, i.e., the value 
of (he last previous output plus the value 
of the present positive limit. In addition, the 
signal appearing on lead 238a is operative 

40 to open gale 220 to pass the magnitude of 
the present limit from memory 202 to an 
increasing circuit 222. In the manner de- 
scribed hereinbefore, the increasing circuit 
222 geometrically or arithmetically increases 

45 the present limit to a new value, in this 
instance assumed to be twice the present 
limit. The twice present limit is stored in 
the store next limit circuit 226 and, after a 
delay afforded by circuit 224, is stored in 

50 the present limit memory 202 for use in the 
next series of comparisons. 

If the present dl change is not bigger than 
the present limit, an output appears on lead 
238b which opens gate 234 to allow the 

55 magnitude of the present limit from memory 
202 to be compared with the magnitude of 
the minimum limit from circuit 201 in com- 
parison circuit 232. If the present limit is 
equal to or less than the minimum limit, a 

60 signal appears on lead 232a which opens 
gate 98 via lead 98d and allows the raw 
input signal from terminal 78 to pass to the 
output terminal 99. If the present limit is 
not equal to and is larger than the mini- 

65 mum limit, an output appears on lead 232b 



which opens gate 216 passing the magnitude 
of the present limit from memory 202 
through gate 216 to a reducing circuit 218. 
As described hereinbefore with respect to 
Figure 3, circuit 218 reduces the magnitude 70 
of the present limit by some predetermined 
value, in this instance assumed to be one- 
half. The halved magnitude of the present 
limit is then compared with the magnitude 
of the minimum limit in circuit 230. If the 75 
magnitude of the halved present limit is not 
less than the minimum limit, a signal appears 
on lead 230b which opens gate 228 to allow 
the halved present limit to be stored in the 
store next limit circuit 226. After a suitable 80 
delay afforded by the delay circuit 224, this 
"haf" present limit is stored in memory 
202 for use as the next limit. If the magni- 
tude of the "half present limit is less than 
the minimum limit, an output appears on 85 
lead 230a to open the OR gate 200 to allow 
the minimum limit to be stored in the pre- 
sent limit memory 202 for use as the next 
limit 

Referring to Figure 5, there is illustrated 90 
a logic diagram which sets forth the method 
of this invention and which may be utilized 
in the construction of a digital input filter 
in which the limit is doubled in response to 
successive changes in the same direction of 95 
the input signal. The logic diagram of Figure 
5 may also be utilized to construct an analog 
input filter in which various input limit 
gates are selected in response to decisions 
made by logic circuits. In setting forth the 100 
sequence of the logic of Figure 5 it will be 
assumed that a steady input has appeared 
at the filter for past readings. The rectangu- 
lar blocks indicate an action logic circuit 
while the diamond-shaped blocks indicate a 105 
decision logic circuit. 

1 1 A i " first " in P ut is received by the logic 
block 300 and a raw delta input change is 
formed, which is the difference between a 
previously sampled input and the presently 110 
sampled "first" input. 

Assume that the magnitudes of the "first" 
mput and the "next previous" input were 
equal. Therefore, the input has not changed 
Logic block 301 makes a decision to get the 115 
minimum limit via logic block 302 and store 
it as limit for the next input via logic block 
303. In addition logic block 315 allows the 
raw "first" input to be passed throuah to 
the output of the filter and the filter logic 120 
is all done as indicated by block 317. 

Assume that the magnitude is increasing. 
Logic block 308 decides if the previous read- 
ing increased last time. Since we have 
assumed that it did not, the minimum posi- 125 
tive limit is used in response to action bv 
logic block 307. Logic block 312 compares 
the first input increase with the minimum 
positive limit If larger, then twice the mini- 
mum positive limit is stored by the action 130 
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of ln:L Noc!* 314 us the next Ham and 
tit * las( output or the filter plus the present 
p.M.r.e limit K pi^ed to the output of the 
tiller l>> action of l.vgic biock 316. If smaller 
5 ih.in iIk- i. »iri::.MT:i "positive limit, then the 
rjw "lust" increasing input is passed to the 
on. on: r.: i!u IKe; b\ action oi : block 315. 

/V ume iliai the magnitude of the '"first" 
in:*:; in dw.e.! ove,. Logic block 305 causes 

10 |,v:u UIkI 3'tf> to deefde if the magnitude 
of \U; pre.i.Hi:, reading decreased. Since it 
was assumed not to in this instance, the 
niniimini accame limit is used as the pre- 
sent limit b\ the action of logic block 307. 

15 '| he tl.vi 312 then compares the 

nue.iiunle i»i i he decrease with the mini- 
in jui newni-.e limit. II it is larger, then twice 
the minimum negative limit is stored as the 
ne . i ituiti !»;. >Uk'. 314, and the "first" de- 

20 creasing input plu> the minimum limit is 
pilled *'.o ihv output of the filter by action 
block 3 Uv If the' decrease is smalier than 
th; mininu:iii neg~:iw limit then the raw 
decreasing "iirst" input is passed to the 

25 filter ou;pu; '*■ aei ioa of block 315. 

After ihe filler is all done with the above 
sequence the memory is cleared of the "next 
prcvi.His" reading, re la ins the "first" input, 
and samples and stores the ''second" input 

30 of the sequence. The magnitudes of the 
"second" and "fir>t" inputs are compared. 
If the magnitudes are equal, decision block 
301 noiiltcs action block 302 to get and 
store the minimum positive and negative 

35 limits as limits for the next input via action 
block 303. Action block 315 passes the raw 
second input signal through to the output. 

If the niagniitide is increasing, decision 
block 30S checks to see if the magnitude 

40 of the "first" input increased last time. If it 
did not. or if it actually decreased, then the 
minimum limit is applied as described here- 
inbefore. If. however, the magnitude of the 
"first'" input did increase last time, then 

45 decision block 310 compares to see if the 
present increase is larger than the present 
limit. If il is larger, then twice the present 
limit is stored via the action block 314 as 
the next limit and action block 316 passes 

50 the last/ilicred output plus the present limit. 
If the increase is less than the present limit 
decision block 3 1 1 compares to see if the 
present limit is equal to the minimum limit. 
If so. the raw "second" input is passed to 

55 the output by action block 315. If the pre- 
sent limit is not equal to the minimum limit 
then action block 300 divides the present by 
two. If this one-half present limit is equal 
to or less than the minimum limit then the 

60 decision block 304 gets the minimum limit 
and stores it as the next limit via action 
blocks 302 and 303. If this one-half present 
limit is not less than the minimum limit 
then the one-half present limit is stored as 

65 the next limit by action block 303. 



If the magnitude of the ''second" input 
is decreasing~then decision block 306 checks 
to see if the^first" input decreased last time. 
If it did not then the minimum negative 
limit is used as the present limit, and the 70 
decrease of the second input is compared 
with the minimum limit by decision block 
312. If the decrease of the "second" input 
is larger, then twice the present limit is 
siore:f as the next limit by action circuit 75 
314. If the decrease of the "second" input 
is equal to or less than the minimum limit, 
then the raw "second" input is passed to 
the output means by action block 315. 

If the "first" input did decrease last time, 80 
then decision block 310 compares to see if 
the decrease is bigger than the present limit. 
If it is larger, then action block 314 stores 
twice the present negative limit as the next 
negative limit and passes the last filtered 85 
input plus the present limit. If it is not, then 
the present limit is compared in decision 
block 311 to see if it is equal to the mini- 
mum limit. If so, then the raw "second" de- 
creasing input is passed to the output by 90 
action block 315. If the present negative 
limit is not equal to the minimum limit 
then action block 309 divides the present 
negative limit by two. Decision block 304 
compares the one-half negative limit to the 95 
minimum negative limit. If the one-half 
limit is less, then action blocks 302 and 303 
get and store the minimum limit. If the one- 
half limit is not less, then action block 303 
stores the one-half limit as the next limit to 100 
be used. 

The action and decision logic blocks set 
forth in the logic diagram of Figure 5 may 
thus compare successive inputs and provide 
an increase or decreased limit and pass the 105 
filtered signal to the output means. The 
action and decision blocks double or halve 
the limit as necessary to severely limit tran- 
sients and to allow real signal changes 
through. 1 10 

Referring to Figure 6 there is illustrated 
a circuit suitable for use with the circuits 
of Figure 3 or Figure 4 to provide that the 
minimum limit is applied a predetermined 
number of times before the filter limits are 115 
allowed to open to pass a real input change. 
An additional sate circuit 150 is connected 
to pass a signal from comparison circuit 
106 noting that a change is larger than the 
minimunTlimit to a counter 152 via lead 120 
106a. Gate 150 is opened in response to a 
signal on lead 93a from math unit 93 which 
indicates that the sign of the preceding 
change was the same and thus that the input 
is successively increasing or decreasing. A 125 
further additional gate 154 is connected be- 
tween the present limit memory 102 and the 
gate 120. 

In response to successive signals from lead 
)6a of a change in the input in the same 130 
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direction, the gate 150 is opened. Counter 
152 receives the successive signals and 
counts them up to the number of applica- 
tions of the minimum limit desired. In the 
5 present instance the counter is allowed to 
count four successive changes that are larger 
than the minimum limit. When the fourth 
change is noted by the counter 152 a signal 
is delivered to gate 154 which allows the 

10 present limit memory to be gated through 
gate 120 for a geometrically or arithmetically 
increasing operation by circuit 122 as herein- 
before described. 
Thus the circuit of Figure 6 determines 

i5 that a predetermined number of successive 
increases, which increases are larger than the 
minimum limit, must occur before die mini- 
mum limit is increased. If it is desired to 
detect only increases which may or may 

20 not be larger than the minimum limit but 
which are successive changes in the same 
direction, the gate 150 may be removed and 
the load 93a connected directly to the coun- 
ter 152. This reads successive changes as 

25 desired but does not indicate the magnitude 
of the change. A signal from 93b may be 
utilized to reset the counter 152 whenever 
the signal changes direction. 

Referring to Figure 7 there is illustrated 

30 a circuit for applying a maximum limit to 
the filter. A counter 160 may be connected 
to receive inputs from 93a, or from 106a 
via a gale as set forth in Figure 6. After the 
counter 160 has counted the number of in- 

35 creases desired to obtain a maximum limit 
an output on lead 160a is forwarded to an 
inhibit gate circuit 170 which is disposed be- 
tween the increasing circuit 122 and the 
store next limit circuit 126. This will pre- 

40 vent further increases in the limit from being 
applied and stored in the present limit mem- 
ory 102. The counter 160 may be reset in 
a manner similar to that shown in Figure 6. 
There has thus been described filter ap- 

45 paratus comprising means for receiving a 
raw input signal, output means for deliver- 
ing a filtered resultant signal and means 
for successively sampling the raw input sig- 
nal. Means are provided for measuring the 

50 magnitude of change of successive samples. 
Means for detecting and comparing the 
direction of change of successive samples is 
adapted to provide a first signal in response 
to successive changes in the same direction 

55 and a second signal in response to different 
directions of change. First means responsive 
to the second signal may be utilized for com- 
paring the magnitude of a change with a 
predetermined minimum limit and providing 

60 a third signal in response to a magnitude 
in excess of the minimum limit and a fourth 
signal in response to a lesser magnitude. 
Means have been provided responsive to 
the third signal for passing the raw input 

65 signal up to the minimum limit to the out- 



put means and for setting a predetermined 
increased present limit for future compari- 
sons. Second means are shown responsive to 
the first signal for comparing the magnitude 
of a change with the predetermined present 70 
limit and providing a fifth signal in response 
to a magnitude in excess of the present limit 
and a sixth signal in response to a lesser 
magnitude. Means are further provided 
which are responsive to the fifth signal for 75 
passing the raw input signal up to the pre- 
sent limit to the output means, and for in- 
creasing the present limit to a predetermined 
larger value for future comparisons. Third 
means are shown which are responsive to 80 
the sixth signal for comparing the present 
to the minimum limit and for reducing the 
present limit to a predetermined lower value 
not less than the minimum limit if the pre- 
sent limit exceeds the minimum limit. Fin- 85 
ally, means are provided responsive to any 
one of the fourth signals, the sixth signal, 
and to no change at all in successive samples 
for passing a raw input signal to the output 
means. 90 

The above apparatus is operative to carry 
out the methods of this invention for filter- 
ing transients and other noise from electri- 
cal signals which comprises the steps of suc- 
cessively measuring the signal, passing each 95 
measured signal if no change has occurred, 
detecting the direction of change of the sig- 
nal, passing the signal up to a predetermined 
minimum Emit if the signal changes direc- 
tion, and successively increasing the limit if 100 
the signal successively changes in the same 
direction while passing the signal up to the 
limit presently being applied. The method 
may further include the steps of comparing 
the present limit with the amount of change *05 
at each measurement, increasing the present 
limit if the change is larger, and decreasing 
the present limit if the change is smaller. 

In addition to the novel filter apparatus 
disclosed and described hereinbefore, it **0 
should be noted that the novel combination 
of the fiber producing equipment with the 
filter apparatus provides uniform fibers not 
attainable heretofore. Further, the use of 
the equipment shown herein enables the co- 115 
ordination of programs for controlling the 
linear speed of attenuation and the tem- 
perature of the feeder and thus the tempera- 
ture of the glass to gain more exact dia- 
meter control. Referring again to Figure 1, 120 
it will be noted that the control processing 
unit 60 contains program comparison sec- 
tions I and II. The program comparison 
sections may be operated separately, each 
controlling one of the functions, or may be 125 
operated in conjunction with each other as 
noted by cross connections 61 and 62 to 
provide coarse and fine adjustments as dis- 
cussed. 

The program comparison units I and H 130 
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may be made to lake over the process con- 
trol in response to a predetermined condi- 
tion such as input signal failure, measuring 
or sensor failure, or other erratic and un- 
5 desirable happenings that would make the 
process difficult to control. Signal sensor 63 
is connected to enable one program to be- 
come dominant and exclude the remaining 
program in response to erratic behaviour on 

10 either input side of the process. 

The invention thus also features apparatus 
for producing continuous fibers from a 
supply of heat-softened material comprising 
a feeder adapted to contain a supply of the 

15 material and having a plurality of orifices 
formed therein for supplying a like plurality 
of streams of the material. Means are pro- 
vided for heating the feeder. Rotatable collet 
means alien nates the streams into fibers and 

20 winds the fibers onto a package. A winder 
motor drives the collet. Means are provided 
for controlling separately, or in conjunction 
or coordination with each other, the heating 
means and driving means. The control means 

25 includes means for sensing the temperature 
of the feeder to provide a first signal pro- 
portional thereto and means for sensing the 
linear speed of attenuation and providing a 
second signal, also proportional. Filter ap- 

30 paratus described hereinbefore is operative 
to filter either the first signal, the second 
signal, or both to provide the improved 
results. 

A novel method for producing fibers is 
35 also described which comprises the steps of 
healing a feeder containing the material, 
attenuating streams of the material into 
libers, controlling the amount of heat sup- 
plied to the feeder, controlling the linear 
40 speed of attenuation, and coordinating the 
steps of heat controlling and speed con- 
trolling to produce a a plurality of fibers 
having the same diameter wherein each fiber 
has a uniform diameter throughout its 
45 length. 

WHAT WE CLAIM IS: — 
1. Filter apparatus comprising means for 
receiving an input signal, output means for 
delivering a filtered resultant signal, means 

50 responsive to said input signal and further 
responsive to successive changes in said in- 
put signal in one direction for limiting the 
effect of said changes on the resultant signal 
to predetermined "small amounts initially, 

55 means for increasing said limits in response 
to sustained successive changes in said input 
signal in said one direction. 

*2. Filter apparatus as claimed in claim 1 
including gating means connecting said in- 

60 put and output, means for comparing the 
magnitude of successive input signals re- 
ceived at said input means, means respon- 
sive to said comparing means for setting a 
predetermined limit on the magnitude of 



change of said input signal passed by said 65 
gating means to said output means. 

3. Filter apparatus as defined in claim 
2 in which said limit setting means is adap- 
ted to increase the magnitude of the limit 

set in response to a continuing change in 70 
the same direction of successive input signals 
detected by said comparing means. 

4. Filter apparatus as claimed in claim 
1, 2 or 3 including first means for compar- 
ing said change in the input signal to a pre- 75 
determined present change limit, means re- 
sponsive to said first comparing means for 
passing said input signal when said meas- 
ured change is less than said present limit, 
means responsive to said first comparing 80 
means for passing said input signal up to 
said present limit and for increasing a said 
present limit to a second predetermined 
value for future comparison when said 
change exceeds said present limit, means for 85 
detecting the direction of change of said in- 
put signal, means responsive to said direction 
detecting means for limiting the change in 
said input signal to a predetermined mini- 
mum limit when said signal changes direc- 90 
tion, and second means responsive to said 
first comparison means for comparing said 
present limit to said minimum limit when 
said change is less than said present limit 
and for reducing said present limit to an- 95 
other predetermined value not less than said 
minimum limit for future comparison. 

5. Filter apparatus as claimed in claim 
1 including means for detecting and com- 
paring the "direction of change of successive 100 
samples and providing a first signal in re- 
sponse to successive changes in the same 
direction and a second signal in response 

to different directions of change, first means 
responsive to said second signal for com- 105 
paring the magnitude of a change with a 
predetermined minimum limit and providing 
a third signal in response to a magnitude in 
excess of said minimum limit and a fourth 
signal in response to a lesser magnitude, HO 
means responsive to said third signal for 
passing said raw input signal up to said 
minimum limit to said output means and 
for setting a predetermined increased pre- 
sent limit for future comparison, second H5 
means responsive to said first signal for com- 
paring the magnitude of a change with said 
predetermined present limit and providing a 
fifth signal in response to a magnitude in 
excess of said present limit and a sixth signal 120 
in response to a lesser magnitude, means 
responsive to said fifth signal for passing 
the raw input signal up to the present limit 
to said output means and for increasing said 
present limit to a predetermined larger value 125 
for future comparison, third means respon- 
sive to said sixth signal for comparing said 
present limit to said minimum limit and for 
reducing said present limit to a predeter- 
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mined lower value not less than said mini- 
mum limit if said present limit exceeds said 
minimum limit, and means responsive to 
any one of said fourth signal, sixth signal, 
5 and to no change in successive samples for 
passing a raw input signal to said output 
means. 

6. Filter apparatus as defined in claim 
5 which further includes means for applying 

10 said minimum limit a plurality of times to 
successive changes in the same direction of 
said raw input signal before increasing the 
limit. 

7. Filter apparatus as defined in claim 
15 5 which further includes means responsive 

to a plurality of successive changes in the 
same direction which exceed said minimum 
limit for applying said minimum limit a 
plurality of times to said input signal. 
20 8. Filter apparatus as defined in claim 5 
which further includes means for setting a 
maximum limit to be applied to said input 
signal. 

9. Filter apparatus as defined in claim 
25 5, in which said limit is increased geometric- 
ally. 

10. Filter apparatus as defined in claim 
5, in which said limit is increased aridi- 
metically. 

30 11. Filter apparatus as defined in claim 
5, in which said limit is increased at a first 
rate for increasing input signals and at a 
second rate for decreasing input signals. 
32. A method of filtering transients and 

35 other noise from an electrical signal to pro- 
duce a resultant signal comprising the steps 
of measuring successive changes in said elec- 
trical signal, detecting the direction of said 
changes, limiting the effect on the resultant 

40 signal of a first change in one direction to 
a predetermined minimum amount, and in- 
creasing the limit from said minimum limit 
amount in predetermined steps as corres- 
ponding successive changes in the same 

45 direction occur. 

13. A method as defined in claim 12 
which further includes the steps of compar- 
ing the present limit step with the corres- 
ponding present change, increasing said pre- 

50 sent limit if the corresponding change is 
larger, and decreasing the present limit if the 
corresponding change is smaller. 

14. A method as defined in claim 13, 
in which is included the further steps of 

55 comparing said present limit with said mini- 
mum limit if said corresponding change is 
smaller than said present limit, decreasing 
said present limit if said present limit is 
larger than said minimum limit, and using 

60 said minimum limit as the next limit to be 
applied if said present limit docs not exceed 
said minimum limit. 

15. A method as defined in claim 12 
which further includes the step of compar- 

65 ing a corresponding change with said mini- 



mum limit, increasing said minimum limit 
if said corresponding change exceeds said 
minimum limit, and using said minimum 
limit as the next limit if said corresponding 
change does not exceed said minimum limit. 70 

16. A method as defined in claim 12 
which further includes the step of applying 
said minimum limit a plurality of times to 
successive changes in one direction of 
said electrical signal before increasing said 75 
minimum limit amount in said predeter- 
mined steps. 

17. A method as defined in claim 12 
which further includes the step of providing 

a maximum limit which may not be ex- 80 
ceeded. 

18. A method as defined in claim 12 
which further includes the step of increasing 
said minimum limit amount in first prede- 
termined steps for an increasing electrical 85 
signal and in second predetermined steps 
which differ from said first steps for a de- 
creasing electrical signal. 

19. Apparatus for producing continuous 
fibers from a supply of heat-softened ma- 90 
terial comprising a feeder adapted to con- 
tain a supply of the material and having a 
plurality of orifices formed therein for sup- 
plying a like plurality of streams; means for 
heating the feeder; and means for control- 95 
ling said heating means including means for 
sensing the temperature of said feeder and 
providing a first signal proportional thereto, 
means responsive to said signal for altering 

the heat supplied to said feeder, and filter- 100 
ing apparatus as claimed in any one of 
claims 1 to 12 for filtering said signal to 
remove noise and interference therefrom. 

20. Apparatus as claimed in claim 19 
including means for attenuating said streams 105 
into fibers, means for controlling the linear 
speed of attenuation including means for 
sensing the speed of said attenuating means 
and providing a second signal proportional 
thereto, means responsive to said signal for 110 
altering the speed of said attenuating means, 

the filtering apparatus filtering said second 
signal to remove noise and interference 
tiierefrom. 

21. Apparatus for producing continuous 115 
fibers from a supply of heat-softened ma- 
terial including a feeder adapted to contain 

a supply of the material and having a plur- 
ality of orifices formed therein for supply- 
ing a like plurality of streams, means for 120 
attenuating said streams into fibers, means 
for controlling the linear speed of attenua- 
tion including means for sensing the speed 
of said attenuating means and providing a 
signal proportional thereto, means responsive 125 
to said signal for altering the speed of said 
attenuating means and filtering apparatus as 
claimed in any one of claims 1 — 12 for filter- 
ing said signal to remove noise and inter- 
ference therefrom. 130 
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22. Apparatus as claimed in claim 21 
including means for heating the feeder and 
means for controlling said heating means 
including means for sensing the temperature 

5 of said feeder and providing a second sienal 
proportional thereto, means responsive to 
said signal for altering the heat supplied to 
said feeder, the filtering apparatus filtering 
said second signal to remove noise and in- 
10 terference therefrom. 

23. Apparatus as claimed in claim 20 
or 22 in which the means responsive to said 
first and second signals for altering the heat 
supplied to said feeder and the speed of the 

15 attenuating means is arranged so that the 
temperature of said material and the linear 
speed of attenuation are co-ordinated to 
produce a plurality of fibers having the same 
diameters wherein each fiber has a uniform 

20 diameter throughout its length. 

24. Apparatus as claimed in any one of 
claims 19 to 23 including rotatable collet 
means for attenuating said streams into con- 
tinuous libers and winding said fibers into 

25 a package; the attenuating means driving 
said rotatable collet means. 



25. Apparatus as claimed in claim 19 
to 24, in which said controlling means, in- 
cludes heating program means, speed pro- 
gram means, and means connecting said 30 
program means to compare the progress of 
said respective programs with each other to 
maintain fiber diameter uniformity. 

26. Apparatus as claimed in claim 19 

to 25 which further includes means respon- 35 
sive to a predetermined condition for enab- 
ling one of said program means to assume 
control of the process while excluding con- 
trol by the remaining program means. 

27. Filter apparatus substantially as de- 40 
scribed with reference to the accompanying 
drawings. 

28. A method of filtering electrical sig- 
nals substantially as described with reference 

to the accompanying drawings. 45 

R. G. C JENKINS & CO., 
Chartered Patent Agents, 

Chancery House, 
53/64 Chancery Lane, 
London, W.C.2. 
For the Applicants. 
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